A 2-year study was conducted to determine the relationships between plant canopy photosynthesis, canopy light interception, and plant productivity of cotton (Gossypium hirsutum L.) exhibiting differing leaf morphologies. The near-isogenic lines were from a single background Plant productivity is more closely related to measurements of canopy photosynthesis than to measurements of single leaf photosynthesis (25). Leaf AP' measurements usually estimate the maximum potential of a genotype because the topmost, fully expanded leaves (optimum physiological condition and plant position) are examined (5). Canopy photosynthesis measurements, on the other hand, measure the CO2 uptake of the whole 'Abbreviations: AP, apparent photosynthesis; CAP, canopy apparent photosynthesis; PPFD, photosynthetic photon flux density; DAP, days after planting; SLW, specific leaf weight; LAI, leaf area index; ICAP, integrated canopy apparent photosynthesis; r,, stomatal resistance.
Gifford et al. (8) suggest that plant breeders have not traditionally used genotypic differences in photosynthesis and photoassimilate partitioning as selection criteria. They surmise that increases in harvested yield would be achieved by increasing (a) the amount of light intercepted by a plant, (b) the efficiency of conversion of light energy to chemical energy, and (c) the partitioning of photosynthate to harvested plant parts.
Plant productivity is more closely related to measurements of canopy photosynthesis than to measurements of single leaf photosynthesis (25) . Leaf AP' measurements usually estimate the maximum potential of a genotype because the topmost, fully expanded leaves (optimum physiological condition and plant position) are examined (5) . Canopy photosynthesis measurements, on the other hand, measure the CO2 uptake of the whole 'Abbreviations: AP, apparent photosynthesis; CAP, canopy apparent photosynthesis; PPFD, photosynthetic photon flux density; DAP, days after planting; SLW, specific leaf weight; LAI, leaf area index; ICAP, integrated canopy apparent photosynthesis; r,, stomatal resistance.
stand (18) . This measurement more accurately describes the photosynthetic activity per unit ground area and combines genotype efficiency, leaf morphology, and canopy architecture.
Seasonal CAP values (integrated areas under seasonal CAP curves) are yet better estimates of plant productivity than are single date measurements of CAP (4, 19, 21, 24) . Plant canopies are comprised of a population of leaves with an array of maturities and exposures to light (2, 10, 21) . Due to plant growth and leaf senescence, the character of this population is dynamic with continually changing average leaf ages of the canopy and light interception profiles. The seasonal estimate of canopy photosynthesis can better measure changes in photosynthate production due to these factors, and due to genotypic and varying environmental factors (e.g. insects, disease, weather) (4) .
Differing cotton (Gossypium hirsutum L.) leaf shapes with varying lobing cause large alterations in the structure ofthe plant canopy and its ability to intercept light (23) . These leaf shapes are controlled by a multiple allelic series at the L2 locus (D genome) which allows production of near-isolines of the same genetic background except leaf shape (7) . The near-isolines in part consist of Normal leaf (1), Sub-Okra (LU), Okra leaf (L°), and Super Okra leaf (Ls). These near-isogenic leaf shapes provide an interesting contrast of canopy architecture and light interception characteristics as related to plant production.
This study was conducted to (a) determine the seasonal CAP profiles of cotton leaf near-isolines, (b) ascertain the relationship between CAP and light penetration into the plant canopy, and (c) determine the association between genotype, CAP, and lint production.
MATERIALS AND METHODS Plant Culture. Six near-isogenic lines representing four leaf shapes and two progeny lines were grown in 1984 and 1985 at Stoneville, MS. All entries were from the 'MD 65-11' background. The four leaf shapes in ascending order of their degree of lobing were Normal (Fig. lA) , Sub-Okra (Fig. 1 B) , Okra ( Fig.  1 D) , and Super Okra (Fig. 1 E) . The F, and F2 progeny line were from a cross Normal x Okra, with the F, leaf shape ( Fig. IC) being similar to that of Sub-Okra (Fig. IC) (20) . Chl was determined from 1.2 cm2 leaf in 3 ml NNdimethylformamide held in the dark for 48 h at 40C (15) . Absorbance was read at 645 and 663 nm and the Chl concentration was calculated after MacKinney (13 Table I . Sub-Okra, Normal, and F, leaf types consistently produced the largest leaf canopies. In contrast, Okra and Super Okra near-isolines produced the smallest leaf canopies although this was less noticeable in Okra leaf at earlier harvests. SLW was negatively related to the size of the leaves which was largest in Normal, Sub-Okra, and F1. The leaf size and SLW resulted in significant, negative correlation coefficients of -0.56 leaf despite a LAI of 2.5 at 91 DAP (Figs. 2 and 3 ). Super Okra leaf had the lowest CAP overall during both years. Analysis of each date found significant differences at six of nine dates in 1984, and two of eight dates in 1985. The second season resulted in an earlier and more severe decline in CAP during the latter portion of the season, which was related to earlier maturity in 1985. The CAP was monitored until the low, late season plateau was reached. A new cycle of vegetative growth occurs when boll maturation is nearly complete and the CAP rates do not reach zero until death occurs due to frost.
The earlier decline in CAP in 1985 did not produce a proportional reduction in the integrated seasonal CAP values when compared to 1984 (Table II) . Greater CAP rates during earlier portions of the season compensated for the reduction in photosynthetic duration. In 1984 the Super Okra near-isoline exhibited a significantly lower ICAP than that found for the other leaf types. In 1985 both Okra and Super Okra had a ICAP which was significantly lower than Normal, Sub-Okra, and F1 leaf morphologies.
The variation in LAI due to genotype resulted in expected differences in light penetration to the soil level (Table III) . Measurements at upper levels in the plant canopy generally were consistent with the trends found at ground level. Super Okra consistently intercepted significantly less PAR above the ground than did Normal, Sub-Okra, and F.. Okra intercepted significantly less-light than Sub-Okra leaf at 104 DAP in 1984, and less than Normal leaf at 80 DAP in 1984 and 84 DAP in 1985.
The measured light penetration during both years was nega- COTTON CANOPY PHOTOSYNTHESIS AND PRODUCTIVITY tively related to ICAP (Fig. 4) . There was a 0.6 unit reduction in ICAP for every percentage point increase in light penetration to ground level. This effect was highly significant (F = 84.3). The relationship was apparent after accounting for other significant confounding effects due to replication, date of measurement and year.
In 1985, leaf AP measurements were made on upper canopy leaves as a measure of photosynthetic potential of the genotypes (Table IV) . Only Super Okra had AP rates of the single leaf which were significantly lower (15%) than the Normal leaf. Most of this reduction in AP was associated to the greater r, (46% greater than Normal leaf) of Super Okra, thus indicating reduced stomatal aperture. Soluble protein and Chl values did not explain the observed difference in AP.
Super Okra leaf consistently produced significantly less lint than all other genotypes in both years except Okra leaf in 1985 (Figs. 5 and 6 ). Neither year resulted in significant differences among Normal, Sub-Okra, or F, genotypes. The F2 genotype was significantly lower in total lint than the F1 in 1984 and
Normal leaf in 1985. The maturity in 1985 was advanced when compared to 1984. Prior to 140 DAP, 66% of the total lint was harvested in 1985, while only 55% was obtained by an equivalent time in 1984. Of the individual genotypes, Super Okra was the earliest with 80% of its total production before 140 DAP. SubOkra and Normal leaf isolines were consistently the latest in maturity.
Lint production was positively related to ICAP (Fig. 7 ). An increase of 2.8 ggm2 lint was realized for every unit increase in ICAP.
DISCUSSION
Hesketh and Baker (11) suggested that CAP = (i)(Io)(Q), where i = % light interception by a plant canopy, I. = horizontal light intensity impinging on the canopy, and Q = average leaf AP efficiency at radiant flux in situ. We found that i attributed greatly to the resulting ICAP. As indicated by the model, either the impinging light intensity or the AP efficiency within a stand of plants should account for the variability not explained by i. Of these, light intensity is of lesser importance because (a) no significant or nearly significant correlation was found between PAR and CAP for any date of measurement, and (b) a threshold light intensity was used as a measurement criterion. Because of these conditions, the remaining variability in CAP must largely be due to differences in Q, the average leaf AP efficiency.
The genotypic differences in Q were estimated by single leaf AP measurements of the topmost, fully expanded leaves (i.e. optimum physiological condition and plant position). Only Super Okra exhibited a significantly lower AP rate than Normal leaf, and the response appeared to be associated with an increased r.. The reduced r, of this genotype, and to a lesser extent Okra leaf, may be related to the decreased boundary layer resistance of these more highly lobed leaves which would result in greater evaporative demand at the leaf surface (1) .
In addition, genotype maturity appears to be involved in the relative magnitude of the ICAP values. Plant maturity affects the photosynthetic profile within the canopy via the process of natural leaf aging. A cessation of new cotton growth, after which only fruit maturation occurs, is a normal physiological phenomenon prior to a new cycle of growth (9) . After apical growth ceases, the combination of a lack of newly formed leaves and senescence of mature leaves causes an increase in the average leaf age of the plant. The aging process would cause a reduction in the average AP (6) and a reduction in CAP would be expected. Canopy photosynthesis measurements were begun on the same calendar date for all genotypes and would correspond to their respective stages of growth at that time. Since the leaf nearisolines all began flowering at approximately the same time, and maturity differences in the production of lint existed, the ICAP is also a function of reproductive duration. The CAP profiles generated did not represent equivalent periods of reproductive growth among the leaf morphologies. Greater seasonal canopy photosynthesis values associated with longer bean-filling periods have also been reported in soybeans (4) . The relationship between ICAP and lint yield was quite strong despite the fact that the estimates ofphotosynthetic capacity were based on 30 s measurements, made one week apart. The unmeasured variation due to changing environmental conditions which occur during one day can be considerable. The CAP to yield relationship may have been improved if more frequent diurnal measurements were used. In addition, Christy and Porter (4) state that complete agreement between CAP and yield is unlikely due to genotypic variation in photosynthetic conversion efficiency. Photosynthetic conversion efficiency is essentially the unexplained genotypic variables which influence the conversion of photosynthate into economically important plant parts.
The intermediate (F, and Sub-Okra) and Normal leaf types consistently had the greater ICAP in both years. This trend supports simulation studies which suggested that intermediate leaf shapes would have competitive performance in some environments (12) . The Super Okra leaf types performed poorly which is in agreement with the report of Pegelow et al. (17) . They reported a reduced CAP in the Super Okra without a concomitant decrease in canopy transpiration.
Regardless of their respective maturities, every isoline had at least 60% of their boll maturation after the late season reduction in CAP. For example, in 1985 the CAP rates at 115 DAP were about one-quarter the maximum, yet no genotype had matured more than 20% of its total lint prior to 120 DAP. These incompatible source/sink patterns indicate that late fruit development relies heavily on stored carbohydrate reserves. This is not to say that late season photosynthate is unimportant, but rather, that carbohydrate storage is more important than in annuals, which display monocarpic senescence (16) .
In summary, CAP was closely related to the plant canopy's ability to intercept light and less closely related to the photosynthetic efficiency of the individual leaves, whether it be modified by either genotype or plant maturity. The actual physiological period which was represented by the generated ICAP values was affected by genotype maturity, yet lint production was associated with ICAP in a highly significant manner. The high ICAP of Sub-Okra and F, genotypes, and the competitive yielding nature of the Sub-Okra trait in a number of backgrounds (14) , indicate that intermediate leaf isolines (Fl and Sub-Okra) are promising as physiological variants for cotton germplasm development.
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